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Bioenergy and Biobased Products
U.S. Departments of Agriculture and

Energy Programs
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Strategic Partnerships Meeting
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Bioenergy Electricity Generation, 1981 - 1997
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Ref: EIA, Annual Energy Review 1997, Renewable Energy Annual 1995

Sect 29
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US capacity

3,000 TWh
US generation

Portugal: 9,000 MW; 39 TWh; UK: 69,700 MW; 343 TWh
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Ref:  Energy Information Administration, 
http://www.eia.doe.gov/pub/energy.overview/aer98/txt/aer1003.txt

~$750 million/yr
excise tax

exemption ‘99

Ethanol in Ethanol in 
BrazilBrazil

2-3 times2-3 times
U.S. volumeU.S. volume
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40,000 jobs
ReplaceReplace
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2000
installed
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Examples of Examples of Bioenergy Bioenergy and and Biobased Biobased Products FacilitiesProducts Facilities
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From Inventory of FY98
R&D Activities: $253 Mi
DOE + USDA = $228 Mi

DOE = $108 Mi
USDA = $120 Mi

Key Agencies

Portfolio Analysis Methodology

• Across a systematic classification of
technical lines  -- Taxonomy

• Across U.S. government-programs using
the Research and Development in the
United States (RaDiUS) database and
agencies’ program information

• Across Agencies’ specific databases such as
Current Research Information Systems of
the USDA (delay of 2 years for grant info)

Conducted by NREL and ORNL staff over a period of four months
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Bioenergy R&D Portfolio
$152 M

Biopower
$23.7 M

Biofuels
$47.5 M

Applications
$7.7 M

Generation Systems
$15.0 M

Primary Conversion
$11.1 M

Electricity Generation
$3.7 M

Balance of Systems
$1.2 M

Combined Heat and
Power
$1.3 M

Electricity Only
$3.8 M

Integrated Assessment $3.5 M
(Environment, Resources, Policy and Analysis)

Infrastructure
$0.5 M

Production Systems
$36.2 M

Primary Conversion
Processes $28.4 M

Applications/Use
$10.5 M

Balance of Systems
$3.4 M

Biomass Resources
$23.9 M

Balance of
Systems
$5.3 M

Residue
Management

Systems
$3.9 M

Municipal & Clean
Urban Residues

$0.7 M

Animal Wastes
$3.2 M

Biomass
Processing
Residues

Forestry & Agriculture
Management Systems

$4.9 M

Food, Feed & Fiber
Production $2.0 M

Agriculture Crop &
Forestry Residues

$1.5 M

Industrial Crops
$1.4 M

Bioenergy Science
$53.5 M

Plant & Microbial
Processes
$23.7 M

Genetics & Regulation
$11.0 M

Agriculture & Distributed
Power
$2.6 M

District and Residential
Heating

Ethanol
$22.7 M

Fuel Production
$4.4 M

Ethanol
$1.8 M

Biodiesel
$1.2 M

Hydrogen, Methanol,
Methane, Designer

Fuels, Charcoal $1.4M

Energy Crops
$9.8 M

Physiology, Growth &
Development

$4.7 M

Function and Structure of
Relevant Biomolecules

$1.7 M

Ecology & Environment
$3.5 M

Infrastructure
$1.4 M

Fundamental Conversion
$7.5 M

FY98 baseline

FY 98 Bioenergy Direct Projects by
Phase of Research (Estimated)

$152 Million (61% DOE, 32% USDA)
Phase Estimated # Projects 
Basic Research 400 
Exploratory Projects 380 
Development Projects 30 
Pilot Developments in 
Industry 

12 

Integrated Assessments 28 
Total # Projects 850 
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Tota l DOE USDA NSF EPA
Ethanol $33.7 $25.6 $6.4 $1.3 $0.4
Hydrogen $2.6 $2.5 $0.1
Biodiese l $4.9 $3.1 $1.3 $0.4
Pre treatment $6.7 $3.0 $1.5 $2.2
Enzymatic Hydrolysis $7.1 $3.0 $2.4 $1.3 $0.4
Gasification $8.2 $8.2 $0.0
Cofiring $4.5 $4.3 $0.2

Funding in Million $
FY98 Funding Sum mary for Sele cted Technologies/Products

FY Baseline data can be sorted by different technology
grouping areas

FY 98 Biobased Products Projects - 
Total 576

Funding for NASA, DOD, DHHS not obtained
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Biobased Products R&D
Portfolio
$101 M

Natural Structural
Materials $15.8 M

Natural Fibers
$12.4 M

Composites
$5.1 M

Building Products
$10.7 M

Engineered
Lumber  $0.7 M

Structural
Panels
$3.4 M

Hardwood
Structural

Products $1.2 M

Improved
Utilization  $5.1

M
VOCs
$0.3 M

Biofiber/Organic
$2.1 M

Biofiber/Inorganic
$2.8 M

Integrated Assessment $1.7 M

Agricultural
$0.8 M

Pulp and Paper
$3.4 M

Improved
Processes  $2.3 M

Alternative
Feedstocks for Paper

$1.1 M

Textiles
 $8.1 M

Cotton  $6.6 M

Wool and Leather
$1.0 M

Novel Textile
Fibers $0.6 M

Alternative Fibers
For Insulation and

Fillers $0.8 M

Insulation

Geotextiles and
Landscaping

Products

Green Chemicals and Plastics
$30.5 M

Fine Chemicals
$8.9 M

Commodity
Chemicals $6.6 M

Adhesives, Inks,
Paints, and

Coatings $2.2 M

Solvents and
Surfactants $2.5 M

Fuel Additives and
Lubricants $1.8 M

Enzymes
$0.8 M

Pharmaceuticals
$0.1 M

Others
$7.9 M

Renewable
Polymers $14.9 M

Plant-based
Degradable

Polymers $2.9 M

Carbohydrate
Polymers
$10.3 M

Lignin Polymers
$0.8 M

Proteins
$0.8 M

Crosscutting Science for
Biobased Products $35.1 M

Biomass Production
$6.9 M

Plant Science
$9.8 M

Biotechnology/Genet
ics $8.3 M

Plant Breeding
$1.5 M

Separation Science
$4.5 M

Process
Separations,

Sensors, Controls
$0.3 M

Envir. Improvement,
Waste Mgm $0.2 M

Biomass Refinery
$4.2 M

Environmental
Quality $0.2M

Agricultural
Management/
Engineering

$6.6 M

Fundamental
Research

$3.5 M

Bioremediation
$10.4 M

Enzymatic
Processes

$7.0 M

Phytoremediation
$1.3 M

Absorbants
$1.4 M

Modelling
$0.4M

Biological
$3.0 M

Chemical
$0.5 M

FY98 baseline

Strategic Plan
Biorefinery Examples

Critical technologies need cost reduction to increase
market penetration and make multiple products
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New Products Needed and
Cost Reduction in Crops, Short Rotation Trees, and 

Infrastructure for Residue Collection  
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Research Enterprise Coordination
Coordinated by DOE National Bioenergy Center

� Strategic Partnerships Meeting - April
� Federal laboratories (both GOGO and GOCO)
� Federal program managers
� Opportunities for partnering and coordination
� Identification/validation of key technical/scientific challenges
� Outcome - Compiled Capabilities of Federal Laboratories on

the National Biobased Products and Bioenergy Coordination
Office Web

� Follow up meetings
� Academia, Federal, Private sector at the

5th Biomass Conference of the Americas,
Orlando, Florida, September 17-21, 2001

Special Enterprise Coordination Session

Research Enterprise Coordination
Pathways Being Explored

� Universities led by Iowa State University will be meeting to
coordinate their activities at national laboratory sites (proposed
activity approved by the Biomass R&D Board but not yet
funded).

� Regional consortium formed -- Iowa State University, Ames
Lab, ANL, Michigan State University, University of Illinois,
Purdue University, Peoria USDA Lab -- Midwest Consortium for
Sustainable Bio-based Products and Bioenergy.

� The consortium was formed to research and develop new
environmentally friendly and renewable chemical products such as
plastics made from soybeans, and fuel made from corn.
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Strategic Plan “Fostering the Bioeconomic Revolution in Biobased Products and
Bioenergy.”

GOAL 1: Reduce costs of technologies by two- to ten-fold for integrated supply, conversion, manufacturing
and application systems for biobased products and bioenergy by 2010.
• Implement and strengthen coordinated federal R&D programs and justify integrated funding requests

across federal departments and agencies.
• Conduct competitive solicitations on key R&D issues, and ensure that solicitations reach a “critical

RD&D mass” to achieve the goal.
• Develop resource-efficient, environmentally sound, high productivity feedstock production systems.

GOAL 2: Demonstrate critical integrated biobased products and bioenergy systems for fuels, heat, power,
chemicals and materials between 2002-2008 so they may contribute to the tripling goal by 2010.
• Identify the scientific and technological resources that will be needed. Fully utilize relevant existing

facilities (federal, state, academia and private).
• Craft public-private sector partnerships to demonstrate promising technologies.
• Leverage private investments to demonstrate promising technologies.

GOAL 3: Monitor and evaluate the environmental and ecosystem impacts of biobased products and
bioenergy systems at all stages of development.
• Research on areas that have substantial potential to replace fossil-based fuels.
• Establish specific review committees and open processes to oversee environmental monitoring and

evaluation.
• Conduct ongoing life-cycle analyses to evaluate integrated systems and determine areas for

environmental improvement.
• Utilize information technologies to assemble, analyze, and disseminate information on environmental

impacts of bioenergy and biobased products.

GOAL 4: Foster innovation-driven science of biomass feedstocks, biobased products, and bioenergy and
quickly incorporate these scientific results in the relevant technology development activities.
• Strengthen and integrate basic scientific research and grant programs.
• Enhance human resource development.
• Strengthen partnerships between the public and private sectors.
• Evaluate biannually the federal, state, and private sector biobased products and bioenergy R&D portfolio

to identify gaps in frontier science and technology.
• Identify opportunities for technology transfer from other functional genomics and metabolic engineering

R&D, such as on human systems.
• Identify R&D issues that would greatly benefit from dedicated Centers of Excellence attention and,

where appropriate, extend existing or develop new programs that address key challenge areas.
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Strategic Plan �Fostering the Bioeconomic Revolution in Biobased
Products and Bioenergy.�

GOAL 5: Coordinate policies to achieve early market adoption and create demand.
• Identify in detail the principal barriers and systematically develop policy mechanisms

to overcome them.
• Identify existing federal and state authorities that can be used to facilitate early

adoption.
• Link environmental benefits to public policy development.
• Encourage standards and labels.  Work with the private sector and non-

governmental organizations to identify the appropriate role of government in this
effort.

• Undertake educational and outreach programs to encourage consumer preference.

GOAL 6: Increase government market pull so that by 2010 bioenergy supplies five
percent of the federal energy purchased or produced and biobased products supply ten
percent of the relevant federal purchases.
• Inform consumers and government employees about the benefits of biobased

products and bioenergy so they will support the federal market pull effort.
• Provide justification for legislative action to facilitate the purchase of biobased

products and bioenergy.
• Use targeted demonstration programs that collect data over time and quantify

benefits and costs of use in federal facilities.

GOAL 7: Facilitate development of commercial market pull by 2010 to triple biobased
products and bioenergy use in emerging industries and to increase by 30% lumber, pulp
and paper products use from mature industries.

Strategic Plan �Fostering the Bioeconomic Revolution in
Biobased Products and Bioenergy�

Ten Strategies common to all goals

1. Use public-private partnerships to leverage tax-year dollars to the
maximum extent feasible.
2. Utilize strategic planning processes with stakeholders.
3. Ensure relevance of targeted federal investments with the
assistance of the Biomass Research and Development Technical
Advisory Committee.
4. Use external peer review to oversee and provide independent
validation of proposed plans.
5. Establish appropriate criteria for terminating unsuccessful projects
and develop sunset criteria for phaseout of incentives.
6. Employ competition whenever possible.
7. Pursue multiple objectives wherever possible.
8. Take advantage of technology and information transfer
mechanisms set up by agencies to increase coordination.
9. Develop education initiatives to broadly inform consumers and the
general public of the benefits of increased use of biobased industrial
products.
10. Establish a mechanism to measure progress via appropriate
metrics tailored for each area.

12



Technology Development Milestones Examples

GOAL 1

• By 2010, halve the year 2000 cost of producing sugars from lignocellulosic biomass.

• By 2010, develop the technologies for cost-competitive biomass gasification platforms for both power and
biorefinery co-products.

• By 2010, develop 250 new biobased products for commercialization.  This number includes at least 20 high-
energy use impact biobased products.

GOAL 2

• By 2002, complete an inventory of public resources and facilities.

• By 2002, demonstrate an integrated, commercial-scale facility for multiple products.  One example is to use
lignocellulosic biomass to produce sugars, ethanol, and power.

• By 2008, demonstrate integrated gasification technologies for producing power and multiple products,
including hydrogen.  Implement gasification technology in three plants of the pulp and paper industry by
2010.

• Between 2002-2008, demonstrate rural-based processing plants for biobased products, including plants
owned by farmers or farm cooperatives.  Examples include composites, building materials, plastics from crop
residues, and small-scale production of power using integrated gasification technology with advanced power
sources.

T e c h n o lo g y  D e v e lo p m e n t E x a m p le s  o f  M ile s to n e s

G O A L  3

•  B y  2 0 0 2 , r e v ie w  en v iro n m e n ta l a n d  e co sy s tem  m o n ito r in g  b y  th e  fe d era l, s ta te , a n d
lo ca l g o v ern m e n ts  a g r icu ltu ra l  fo re s try , a n d  e n v iro n m e n ta l  a g en c ie s  a n d  p r iva te
sec to r  a n d  n o n -g o v e rn m e n ta l o rg a n iza tio n s .

•  B y  2 0 0 2 , d e v e lo p  to o ls  a n d  in fo rm a tio n  re so u rce s  th a t  w ill  fa c ilita te  id en ti fic a t io n  o f
th o se  b io b a se d  p ro d u c ts  a n d  b io e n e rg y  te c h n o lo g ie s  th a t  c a n  p ro v id e  e c o n o m ic ,
a g r ic u ltu ra l, en e rg y , a n d  e n v iro n m en ta l b e n e fits  s im u lta n e o u s ly  a n d  p ro d u ce  a  p la n
to  a c ce le ra te  th e ir  d e v e lo p m e n t.  T h is  w il l  h e lp  fa rm e rs  id en tify  m o re  p ro fi ta b le  c ro p s
a n d  a s s is t th em  in  d e v e lo p in g  fa rm  co o p e ra tiv e s  to  su p p ly  b io b a sed  p ro d u c ts  a n d
b io e n e rg y  to  n e w  m a rk e ts .

•  O n  a n  o n g o in g  b a s is , id e n tify  a n d  im p lem e n t o p p o r tu n itie s  to  le v e ra g e  th e se
m o n ito r in g  e ffo r ts  a n d  e x p e r tis e , su p p lem e n tin g  th e m  a s  n e e d e d , to  su p p o r t li fe -cy c le
en v iro n m e n ta l a n d  ec o s ys tem  m o n ito r in g  o f b io b a sed  p ro d u c t a n d  b io e n e rg y  sy s tem s .

•  B y  2 0 0 2 , e s ta b lish  a  n a tio n a l p ro g ra m  in it ia t ive  to  p ro m o te  u n d ers ta n d in g  o f th e  ro le
o f  b io p ro d u c ts  a n d  b io en e rg y  in  e n h a n c in g  e n v iro n m e n ta l su s ta in a b ility  in  U S D A �s
C o o p era tiv e  E x ten s io n  S erv ic e , in  s ta te  co o p e ra tive  e x te n s io n  se rv ic e  p ro g ra m s , a n d
in  U S D A �s  N R C S .

•  B y  2 0 0 3 , e v a lu a te  cu rre n t a n d  p ro sp e c tiv e  life -c y c le  e n v iro n m e n ta l co s ts  a n d  b e n e fi ts
o f  k e y  b io b a sed  p ro d u c ts  a n d  b io e n e rg y  im p o r ta n t to  a c h iev e  th e  tr ip lin g  g o a l a n d
co m p a re  th e m  w ith  fo s s il- fu e l b a sed  a l te rn a tiv e s .

G O A L  4

•  B y  2 0 1 0 , d e v e lo p  c o m p le te  fu n c tio n a l g e n o m ic s  fo r  fiv e  ta rg e t fe e d s to c k s .  U se  th e e
ca p a b ilit ie s , fo r  in s ta n c e , to  d o u b le  o v e ra ll l ig n o c e llu lo s ic  p ro d u c tiv ity  a t
s ig n if ica n tly  r ed u c e d  in p u ts .

•  B y  2 0 0 5 , d e v e lo p  c o m p le te  fu n c tio n a l g e n o m ic s  fo r  1 0  ta rg e t  b io ca ta ly s ts  a n d
d e v e lo p  a s so c ia te d  m e ta b o lic  e n g in e er in g  b y  2 0 1 0  to  tr ip le  r e a c tio n  ra te s  a n d
s ig n if ica n tly  r ed u c e  en d -p ro d u c t in h ib it io n .

•  O n  a n  o n g o in g  b a s is , c re a te  a d v a n c e d  to o ls  fo r  in fo rm a tio n  a n d  c o m p u tin g
te ch n o lo g ie s  in c lu d in g  th o se  th a t en c o u ra g e  co lla b o ra tiv e  lea rn in g  a n d  in te ll ig e n c e .
U se  th e m  to  d e v e lo p  fu n c tio n a l  g e n o m ic s  a n d  m e ta b o lic  e n g in ee r in g  sc ie n ce  a n d
te ch n o lo g y , a n d  to  p ro v id e  sp e c if ic  in fo rm a tio n  o n  ta rg e te d  p la n ts  a n d  o rg a n ism s .
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Market and Public Policy Examples of Milestones

GOAL 5

• By 2002, develop a coordinated proposal for modifying the tax code and other policies to encourage private-sector investments
in integrated biobased products and bioenergy development and deployment and to overcome the barriers limiting
development of this sector.

• By 2002, develop mechanisms to assist the buy-down of initial capital costs of new technologies, and mitigate risks in
deploying first-of-a-kind technologies.

• By 2002, develop mechanisms to assist farmers nd farmer cooperative to gain economic benefits from biobsed products and
bioenergy.

• By 2003, announce labeling programs to facilitate marketing of products and technologies.  These programs will be defined
with the private sector.

• By 2005, have federal incentives such as tax credits and appropriate tax-credit programs in place and funded.  Have
appropriate parallel incentive mechanisms for public power companies.

• By 2005, complete performance testing on those biobased products and bioenergy of primary importance to achieving the
tripling goal.

Market and Public Policy Examples of Milestones

GOAL 6

• By 2002, publish a USDA-approved biobased products list for federal procurement.

• By 2002, develop legislative language and facilitate enactment of legislation to
modify Section 6002 of the Resource Conservation and Recovery Act to require
federal procurement officials to purchase certain levels of biobased products and
bioenergy.

• By 2010, bioenergy accounts for 5 percent of federal energy facilities and biobased
products penetrate 10 percent of federal purchases of relevant products.

• By 2010, work with all states to enact legislation that increases state purchases of
biobased products and bioenergy.

GOAL 7

• By 2002, work with educators to develop K-12 classroom materials that focus on the
science-based environmental sustainability attributes of biobased products and
bioenergy.

• By 2002, establish 25 centers of excellence at colleges and universities to develop
college-level classroom materials and outreach education materials focused on the
role of biobased products and bioenergy in enhancing environmental sustainability.

• By 2005, implement cofiring in 5 percent of pulverized coal boilers.  Joint DOE and
EPA action with public and private electricity generators will achieve this milestone.

• By 2010, triple biofuels production through cooperative USDA, DOE, and EPA
actions with industry.

14



National Biobased Products
and Bioenergy Coordination

Office

Doug Kaempf - DOE Co-Chair
Ron Buckhalt - USDA Co-Chair

Doug Kaempf - DOE Co-ChairRon Buckhalt - USDA Co-Chair
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1

Establish the Vision

Develop Roadmaps

Develop Strategic Plan

= Efforts Underway $’01 = Funding Awarded

Report to Congress

Promote Advanced 
Technologies

$’01

Carry Out Education
and Outreach $’01

Expand and Maintain 
Effective Partnerships

Progress Report April 2001

= Action Completed

Designate DOE and 
USDA Points of Contact

Establish Biomass 
R&D Board

Establish a Technical
Advisory Committee

National Bioenergy 
Center

CO-CHAIR:

Jack Huttner – Genencor International, Inc.

Larry Bean – Governors’ Ethanol Coalition

Robert Boeding – National Corn Growers Association

Dale Bryck – Natural Resources Defense Council

Robert Dorsch – Dupont

Douglas Durante – Clean Fuels Development Coalition

Loyd Forrest – TSS Consultants

Carolyn Fritz – The Dow Chemical Company

Stephen Gatto – BC International

William Guyker – Allegheny Power Systems

Ronald Heck – Farm Corporation & American Soybean 
Association

Walter Hill – Tuskegee University

Roland Hwang – Union of Concerned Scientists

Terri Jaffoni – Cargill, Inc.

Michael Ladisch – Purdue University

David Morris – Institute for Local Self Reliance

William Nicholson – Potlach Corporation

Edan Prabhu – Reflective Energies

Roger Rivera – National Hispanic Environmental 
Council

Jefferson Seabright – Texaco

Philip Shane – Illinois Corn Growers Association

Larry Walker – Cornell University

John Wooten – Peabody Group

Holly YoungBear-Tibbets – College of the
Menomiee Nation

Biomass Research and Development 
Technical Advisory Committee

CO-CHAIR:

Glenn English – National Rural Electric 

Cooperative Association
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USDA and DOE Coordination

• DOE & USDA Agency working groups established August, 
2000

• National Coordination Office established February 2000
• Biomass R&D Board established November 2000
• Advisory Committee established November 2000
• Report to the President – Delivered in October 2000
• Strategic Plan – Completed March 2001
• Initial Report to Congress - underway

Solicitations

• CSREES’s Initiative for Future Agriculture and Food Systems (IFAFS) 
– 13.4 Million
– Exploration of biobased products and bioenergy in interactive systems-based approaches.

• USDA 25 Million in Grants for the Development of Agricultural Producer-
Owned Processing Businesses

– The grant announced on March 6, 2001, supports independent agricultural commodity 
producers to process raw materials into marketable goods. 

• Biomass Research and Development Advance Biomass Power Generation 
Technologies (DE-PS26-01NT41130)

– 1 Million
– Support improved gasification-based technologies for power, heat and co-production.

• Power Plant Improvement Initiative, Financial Assistance, Solicitation (DE-
PS26-01NT41104

– 95 Million
– Research of alternative fuels in cofiring and gasification to increase the efficiency of 

current operating power plants.

17



3

Solicitations

• Agriculture Industry of the Future (DE-PS07-01ID14039)
– 1.5 Million
– Research, development and demonstration of technologies in plant sciences, production, 

processing, and utilization.
• Biomass and Alternate Methane Fuel (BAMF) Technology Specific Super 

Energy Savings Performance Contract (DE-RP26-00NT40626)
– 4 Million
– Biomass and alternate methane fuels utilization in federally owned facilities.

• Innovative Technologies for Conversion of Biomass to Fuels and Chemicals
– 2 Million
– Solicitation will award $2M to multiple contracts for innovative technologies for the 

conversion of biomass to fuels and chemicals, particularly in the areas of pretreatment 
and hydrolysis to sugars.

• Biomass Research and Development Initiative/Crosscutting Technologies for 
Conversion of Biomass to Fuels and Chemicals (DE-PS36-01GO90000)

– 2 million
– Conversion of biomass into fuels and chemicals.
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